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Abstract

The shape of the dynamically balanced first wall has been calculated. The wall structure includes: a)
™~ 1 cm thick intense plasma facing lithium streams driven by magnetic propulsion, b)~2 1 mm thick
patchy separation guide wall, c) Be wire ropes balancing the structure (total maximum thickness of
the set =21 cm), d) =21 mm patchy second separation layer, and €) =~ 10-15 cm thick Zinkle-Nelson
FLiBe blanket. While the existing design approaches to the reactor essentially mimic the large plasma
experiments and fail to satisfy all basic requirements of the reactor physics and cost, the presented first
wall structure is the first conceptual design which is consistent with the high neutron flux, efficient power

extraction as well as with high performance plasma regimes.

Supporting material for the talk can be found on the web-page http://w3.pppl.gov/~zakharov
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OUTLINE

1. Basics of the tokamak power reactors design.

2. New plasma physics regime and the LiWalls con-
cept.

3. Yacht-sail approach for the first wall.
4. Force balance and the shape of the first wall.
5. Summary.
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1 Basics of the tokamak power reactors design

The most important characteristics, such as

e plasma regime, i.e. 3, Tg,
e size and range of the total power,

e low recycling plasma edge regime and power extraction scheme from
the plasma,

are predetermines by the very basic level of tokamak reactor physics.

In addition, basic requirements for the neutron zone predetermine
e a FLiBe based power extraction scheme from the blanket
with minimal use of high-Z materials.
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1 Basics of the tokamak power reactors design (cont.)

1

n-T-15 > 5-10% - keV - sec| . (1.1)

ms

Substitution
n-T=B*.-3-1.25-10* (1.2)

converts it into a suitable form

B*>.B8-1g >4 [T°-sec

for the reactor design analysis.
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1 Ignition, power and the cost of the reactor (cont.)

m.mgiam,:,:u GJ
wﬁOa _”m/>\“_ — mva — ’
5 TE mnmwo A”_..Wv
Eoplasma [GI] = mw;gsg:\ ~— mmmﬁ\. T?.10°m?].
Combining with
BB*tg = 4, (1.4)
the power is simply
3 B? V [T?.10°m3
.ﬁﬁon_”ﬁwéu_“m.|.\®. y AH.WV
2 210 TE sec
or
B?*V \ %
P,,; = wm‘ =12 = 0.7568°B*V
TE q-@
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1 Basics of the tokamak power reactors design (cont.)

VvV [103m3

5 —. BB*rg =4 [T? - sec
T2 | sec

wﬁ& _”mw_/>\”_ = 12

and the $-value of electricity produced

Py,
o . (30 years) - 365 - 24 - (0.04 $/kWh) - 10°
4 (1.6)

S~ (7)

determine the strategy of the power reactor.

ITER based approach with 7z = 3.7 sec and 8 = 0.025 is inconsistent
with it.
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1 Basics of the tokamak power reactors design (cont.)

In order to fit the cost requirements for the reactor with P,y ~ 4 — 5
GW

e The plasma volume should be cut by a factor of 2-3 with respect to
ITER

e The energy confinement time should be about 1 — 1.5 sec.
e 3 should be enhanced to the level of 15 %.

At the same design, on the ignition stage 7 should be enhanced to the
level of 4 — 5 sec in order satisfy the heating power requirements

\%
P, ~ P, ~1.2 . (1.7)

2
ﬂ@,&.m:s.&o:
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2 New plasma physics regime and the LiWalls concept

The logic of such a regime is:

1. The only way of enhancing 3 is to switch to a wall stabilized plasma.

2. This is still not sufficient (at least, for tokamaks). Troyon criterion still
limits 3 at unacceptable low level.

3. The only way to bit it is to switch to the low recycling plasma regime
with either
(a) Lithium plasma facing renewable wall, or
(b) pumping (rather that radiating) divertor (a la Mike Kotschenreuter)
4. Low recycling regime, which is sensitive to the boundary conditions,

IS the only regime with controllable 7g, which, e.g., can be kept high
at the ingnition phase, and reduced at during burning.
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2 New plasma physics regime and the LiWalls concept (cont.)
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2 New plasma physics regime and the LiWalls concept (cont.)

Sn, ne [Arbitrary Units] SE, T [Arbitrary Units] Umzm_l_l< b—\o._"__m A_m._n—..v _m b—\mam.ﬁm_\_l
Tempergure profigs k=0 mined by the core fueling.
\ / 1 TEMPERATURE profile (right) ad-

justs itself in order to ELIMINATE

\ Particle source

\ / the thermo-conduction.
PRESSURE profile (left)
p [Arbitrary Units] SE. T [Arbitrary Units]
| . has a jump at the plasma bound-
_uqmwmﬂ // \ x”vo m._\.V\.
\\// TEMPERATURE profile (right)
\ / eliminates the thermo-conduction
J 1\ i it 8 irrespective to the heat source

profile.
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2 New plasma physics regime and the LiWalls concept (cont.)

e Driving electro-
magnetic pressure
mu.wxw_o\:&ma > 1atm

\L_:EB jets between TF Coils

Nwmsng Nu.mxw_s.q&ma — Nu.mxuw_o\::ma ~1.5—3 _”Qﬁe\z
e Flow parameters

V ~20m/sec, h ~0.01m

e Magnetic Reynolds numbers
wan — toqwd\ ~ O.wu @nww ~ 0.0015

-

D2

axis of symmetry

Lijets V

Toroidal Field Coil

""" e Stream are robustly stable
due to centrifugal force
Li stream .‘\N a

e PV > L s
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2 New plasma physics regime and the LiWalls concept (cont.)
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2 New plasma physics regime and the LiWalls concept (cont.)

m o\ou__%:m for I. Wall :xwa Uocsﬂma\ u_mMBm

30 : e No sawtooth oscillations;
R/a=2.5/1 B=5T
e no Troyon limit;
m ITFTR circular cross—sectio o wﬁm_u___ﬁv\ core:
Z
20 e T B - limits for the second stability
’ i regime
o
= e fixed boundary plasma
FIRE, o
TER ES en=1,2,3 + ballooning modes
SPX. 2 (DCON,PEST-2,BALLON,ESC)
TPX, L . .
ARIES, L e current density with an edge
........... z | pedestal
. | W e..w
O , , , , , “ : ’ o >
0 2 4 6 8 1 120 J| = Ja T (Jo — Ja) |1 — %
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2 New plasma physics regime and the LiWalls concept (cont.)

With the _n__Q_.:” time ﬂ\:mi ~ (0.25 sec

Qe = 3.5 MW/m?, (414 MW/m? in neutrons), AT < 200°,

even with no vortices in the streams.

E.g., for a middle size tokamak-reactor

R=6m, a=1.6m, Pyu = A47’°Raqyeu ~ 1.3 GW,

_ NvuoH = 6.5 QS\« _
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3 Yacht-sail approach for the first wall

e surface absorption of 1/5 of the fusion power flux

e absorbing most of remaining 4/5 of the fusion power

e conversion of the neutron power into the high-temperature coolant
e trithium breeding

e withstanding deterioration of mechanical properties

e withstanding possible abnormal thermal or electromagnetic plasma
events

e be consistent with low activation
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3 Yacht-sail approach for the first wall (cont.)

Electrodynamic pressure creates a stable situation for the first wall.

e Guide wall works against expansion
—

e Guide wall can be made as a thin

Force balancing
ropes

\LZ:E jets between TF Coils
2 \
m Pressurized 5F

D2 J orce
m _—
© Lj stream
clq +O\_ <w=mw—:
3

\,\ @ mﬂoq
—\ Plasma

Liinlet
pool

Toroidal Field Coil

v .“_uo_

stream

First wall

Li stream

shell (like a car tire).

1% e Inner surface is sealed by the lithium
streams (insensitive to cracks) —

L= v @ Vacuum barrier can be moved to the

oxe plasma boundary (giving access to

Force

the neutron zone).

hj stream

Hoatmbsgtere
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e

3 Yacht-sail approach for the first wall (cont.)

axis of symmetry
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Feedback stabilization plates

FLiBe channel

/ ﬁ\ First wall
V.

stream

Li stream

500° C

soPC

Toroidal Field coijl

Li stream—

ol A/
ﬂ/

He atmosphere

<m=‘mm3

e Guide wall for intense Li
streams (mm’s in thickness)

e Force balancing Be wire
ropes (about 1 cm total thick-
ness)

e Zinkle-Nelson high-
temperature FLiBe blanket
(about 15 cm in thickness)
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3 Yacht-sail approach for the first wall (cont.)

200_S [W/cm”3] (Neutron heat source 1000_T [*0 C] Temperature of the FLiBe flow 1000_T [*o C] Temperature of the FLiBe flow near the wall
Q
©
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. . e}
Outlet FLiBe temperature prpfile Outlet FLiBe temperature profile 5
2 5] I
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//ﬂ/ ——
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200. 200
0 0 0
0 .02 .04 .06 .08 0.1 [m] 0 .02 .04 .06 .08 0.1[m] 0 .002 .004 .006 .008 0.01 [m]
n (transverse coordinate) n (transverse coordinate) n (transverse coordinate)

n-heat source profile T accross the channel T near wall

Even with T' ~ 800° C at outlet, the FLiBe channel has very small heat
losses 4-5 %.
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3 Yacht-sail approach for the first wall (cont.)

axis of symmetry
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Force balancing
ropes

First wall

Toroidal Field Coil

JxB
Force

Force balancing
ropes

He atmosphere

e Guide wall serves only as a

separator (made, e.g., from
patches of wire fabrics).

e Be ropes are the only ap-

proach for the high neutron
flux. Can be replaced on fly.

e Be ropes are consistent with

trithium breeding.

e Wire ropes + FLiBe blanket
Is the best approach for the
plasma control.

e Activation is minimal in the
neutron zone.

e Deformations of the wall can
be corrected on the fly.
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3 Yacht-sail approach for the first wall (cont.)

At the same time its first wall is insensitive to thermal deformations.

Thus,

LiWalls eliminate the necessity in the stationary regime of tokamaks.

M_u_u_u_. 21

PRINCETON PLASHA Leonid E. Zakharov, 5th US/Japan HPD Workshop Oct.29-31 2002, UCLA, Los Angeles, CA

PHYSICS LABORATORY




4 Force balance and the shape of the first wall

e, ® RAdial component of the electromag-
o netic force can be balanced if
e..w r

outlet
r Tinlet

— Td,

axis of symmetry

PjxB,outlet

where T’ is the tension of ropes, d(r)
IS the total height as a function of a

touch point .

Toroidal Field coij|

JxB
Force

Force balancing
ropes

He atmosphere
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4 Force balance and the shape of the first wall (cont.)

Z DBWGeom

Equation for poloidal

guide wall curvature
\juo/ dT

—— — DPixB — Pext — QP@ELN — Nov

N FLiBe channel m? < 4
Radial force on both lines
Guide wall of wires
o F = 1.5 [MN/m]

Tension in wires
Be wires d-T = 0.75 [MPa - m]

4 6 8 R
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4 Force balance and the shape of the first wall (cont.)

Z PIVac BalSt  Z PIVac BalSt
4 4 3
[
2 2
0 0
-2 -2
N
4 -4
4 5 6 7 8 RPIVac 4 5 6 7 8 R PIVac
. —.. _
Stable 8 = 10.1 % Stable 8 = 14.3 % m_m ML | PO
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5 Summary

5 |Bm Pew Oo:om_uEm_ consistency with the re-
, | ITER 25% 53  0.410 actor physics
Liwall Redctor 15% | 5.0 3.090 Objectives |ITER path |LiWall | Mike K.
7 N High beta - + +
TN Low recycl. - + +
W=\ T CONtr. - + +
W\N\\\\\ ‘ Pl Pwr Extr. - - +- +
: i n-Pwr Extr - + +
k FLiBe BI. - + +
\ Low Activ - + -+
, /W/M Mechanics - + -+
—— Cost - + —+
/7\\ Mimicking the plasma physics exper-
. | Iments does not work for the power
4+ 5 8 7 3 R reactor. New ways are required.
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